85 87 Rb and 14 N NMR spectra and spin-lattice relaxation time ( 1 ) were measured for R 2 Pb[Cu(NO 2 ) 6 ] (R = Rb, NH 4 ). The quadrupole coupling constant ( 2 ), asymmetry parameter ( ), and the effective transverce relaxation time ( 2 ) were estimated from the simulation of NMR spectra. The NMR spectra in commensurate phase III can be explained by the superposition of two components corresponding to two inequivalent sites of the R + ion. In the incommensurate phase II, 2 and 2 decreased with increasing temperature, while was almost temperature independent. 1 in phase II is found to be determined by the contribution of acoustic phason with multi-soliton limits.
. As the temperature is lowered, Rb-PCN transforms from the cubic phase I (space group Fm3) to the incommensurate phase II (Fmmm) at I = 313 K, and further into the commensurate phase III (C1) at C = 274 K. In phase II, the modulation wave of the local Jahn-Teller distortion of [Cu(NO 2 ) 6 ] 4 octahedra is directed to [110] . In phase III, two crystalographically inequivalent [Cu(NO 2 ) 6 ] 4 octahedra, elongated along [100] and [010], exist. Similar phase transitions occur at C = 287 K and I = 316 K for NH 4 -PCN [4] .
Previously, 87 Rb NMR spin-lattice relaxation times 1 in phase II, smaller than in phases I and III, and critical behavior of the 14 N NQR spin-lattice relaxation time 1Q for the nitrogen in the -NO 2 group around C have been reported [3] . In this work, the 85 87 Rb and 14 N ( = 5/2, 3/2 and 1, respectively) NMR spectra and 1 were measured in phases I, II, and III. We investigate the crystal dynamics and crystal structure 0932-0784 / 02 / 0600-0403 $ 06.00 c Verlag der Zeitschrift für Naturforschung, Tübingen www.znaturforsch.com of Rb-PCN and NH 4 -PCN in each phase by analyzing 85 87 Rb and 14 N NMR spectra and 1 , which are dominated by the nuclear quadrupole interaction and the paramagnetic dipolar interaction. We also discuss the mechanism of nuclear relaxation in phase II due to the incommensurate modulation.
Experimental
The crystals of Rb-PCN and NH 4 -PCN were grown from RNO 3 (R = Rb, NH 4 ), NaNO 2 , Pb(NO 3 ) 2 , and Cu(NO 3 ) 2 3H 2 O in aqueous solution. We used powder samples for the NMR experiments.
85 87 Rb and 14 N NMR were measured using a CMX-300 spectrometer at 28.8, 97.7 and 21.6 MHz, respectively. The NMR spectra were measured by the quadrupole echo sequense (( /2) --( /2) --acq) for both 14 N and 85 Rb, and a single pulse for 87 Rb. The 1 measurements were made by the inversion recovery method. Figure 1 shows 14 N and 85 87 Rb NMR spectra in phases I, II, and III. In phase I, the spectra were struc- 14 N and 85 87 Rb NMR spectra in each phase. The solid and broken lines show the observed and the theoretical spectra, respectively.
Results and Discussion

NMR Spectra
tureless. In phases II and III, to the lineshape of the 14 N NMR spectrum mainly contributed the first-order quadrupole interaction ( Q1 ) and the paramagnetic dipolar interaction ( P ) between the resonant nuclei and the Cu 2+ ions. Q1 and P are written by the second-order Wigner rotation matrix [6 -11] 
where P is the paramagnetic dipolar interaction between the resonant nuclei and -th Cu 2+ ion. ( ), ( ) and ( ) represent the Euler angles for the transformation from the laboratory axes to the crystal axes, from the crystal axes to the principal axes system of the quadrupolar tensor and from the crystal axes to the principal axes system of the dipolar tensor between the resonant necleus and the -th Cu 2+ ion, respectively. and are angles connecting the direction of the external field and the principal axes system of the g-tensor of -th Cu 2+ ion. The lineshapes of the 85 87 Rb NMR spectra for the central transition are mainly dominated by the secondorder quadrupole interaction( 2 ) and the paramagnetic dipolar interaction. 2 is given by [12, 13] 
Here, L is the Larmor frequency and
where Q 2
is the tensor element in the principal axis system [13] . The echo signal of 14 N NMR is written as [14] ( ) = cos ( P ) exp ( P ( + )) (10)
For the analysis of the 85 87 Rb NMR spectra, ( ) = exp ( ( ) 1 2 ) (11) was used. Here, 2 and are the effective transverse relaxation time and a constant, respectively. The signal of the powder sample is given by
The NMR spectrum is obtained by the Fourier transform of ( ).
P was estimated from the crystal data [4, 2] , and the contribution from Cu 2+ ions with 7 3 primitive cells around the resonant nucleus was calculated. The spectral simulation was performed using (1 -12) with 2 , , 2 , , , and as parameters.
(
) was obtained as (-0.8, 63, -59) for phases II and III from the spectral simulation. The temperature dependence of 2 determined by the spectral simulation is shown in Figure 2 . In phase II, 2 increased with decreasing temperature, whereas was almost constant (0.2). A sudden change in 2 was observed at C . In phase III, the spectral lineshapes are explained by superposition of two spectra corresponding to inequivalent two sites of the R + ion [5] . 2 and in each phase are listed in Table 1. 2 , estimated by 14 N NMR spectral simulation is shown in Figure 3 . In phase II, 2 is shorter than in phase III, and increased with decreasing temperature. We consider that the shorter 2 in phase II is caused by the modulation wave. 2 , which decreased with increasing temperature would indicate the soliton broadening [15] . Figure 4 shows the temperature dependences of 85 where is the gyromagnetic ratio of the resonant nucleus, B the Bohr magneton, the isotropic -value 
Spin-lattice Relaxation Time 1
When e is dominated by the thermal jump between different Jahn-Teller distortions, e can be written as
where is the activation energy for the jump between the different Jahn-Teller configurations. The phason behaviour can be discussed by the plane wave limit and the multi-soliton limit models separately. In the plane wave limit, the relaxation rate 
where is the phason gap frequency. On the other hand, in the multi-soliton limit, the phason branch consists of two parts. One is the acoustic branch corresponding to phase oscillations of the incommensurate multi-soliton lattice, and the other is the optical branch corresponding to phase oscillation of the commensurate regions. In this situation, 1 ac is approximately evaluated from the dispersion relation which describes the acoustic phason branch in the multi-soliton lattice [15] . In the region of L ,
1 ac is written as 
In the region of ,
1 ac has no longer the L dependence and can be represented as by assuming the Landau theory for the temperature dependence of the inter-soliton distance [15] .
In incommensurate phase II, 1 of 85 87 Rb and 14 N decreased with decreasing temperature, and showed critical behaviour around C . These results suggest that the relations of 85 87 Rb and 14 N nuclei are dominated by the contribution of acoustic phasons in the region L . The solid lines in Fig. 4 show the theoretical fitting of (20) to the observed 1 . C 270 and 285 K were obtained from the NMR 1 in Rb-PCN and NH 4 -PCN, respectively. The obtained C are lower than the reported C [3 -5] . These discrepancies were reported for Raman scattering mea-
